Sensitization of cardiac Ca²⁺ release sites by protein kinase C signaling: evidence from action of murrayafoline A.
In the present study, we explored the effects of a plant alkaloid compound, 1-methoxy-3-methylcarbazole (murrayafoline A, Mu-A), on focal and global Ca(2+) signaling, and the underlying cellular mechanisms. Rapid two-dimensional confocal Ca(2+) imaging and image analysis were used to measure Ca(2+) signals in rat ventricular myocytes. Application of Mu-A (10-100 μM) significantly enhanced the magnitude and rate of Ca(2+) release on depolarization with no change in Ca(2+) transient decay. Focal Ca(2+) release events (Ca(2+) sparks) occurred more often, and their duration and size were greater after the application of Mu-A. In addition, sarcoplasmic reticulum (SR) Ca(2+) loading and fractional release were increased by exposure to Mu-A. All these effects reached steady state within 2-3 min after Mu-A application. The higher occurrence of Ca(2+) sparks in the presence of Mu-A was resistant to SR Ca(2+) clamping, removal of extracellular Ca(2+) and Na(+), and blockade of either protein kinase A, Ca(2+)/calmodulin-dependent protein kinase II, phospholipase C, or inositol 1,4,5-trisphosphate receptors, but it was abolished by the inhibition of protein kinase C (PKC). SR Ca(2+) clamping prevented the Mu-A-induced Ca(2+) spark prolongation and enlargement. The Mu-A-induced enhancement of Ca(2+) transients was also eliminated by PKC blockade. Mu-A enhanced PKC activity in vitro. These results suggest that Mu-A may increase spark occurrence via its direct enhancement of PKC activity and subsequent sensitization of ryanodine receptor clusters and that this mechanism, as well as increased SR Ca(2+) loading, may partly explain larger and more rapid global Ca(2+) releases in the presence of Mu-A during depolarization.